The Afro-Madagascan genus Craterispermum (Craterispermeae, Rubiaceae) is taxonomically badly known. Hitherto, no species were described from Madagascar, although several taxa occur in the humid lowland forests in the eastern and northern regions of the island. In this contribution three new Madagascan Craterispermum species are described, C. motleyanum, C. puffianum and C. cervicorne. All are illustrated and their distribution is discussed. An identification key for the three new species is given.
Introduction
The genus Craterispermum Benth. in Hooker (1849: 411) occurs in tropical Africa, Madagascar and the Seychelles. The genus is badly known taxonomically and no monograph exists. Recently, taxonomic studies on the continental African species were started. Hitherto, five species have been newly described (Taedoumg et al. 2011; Taedoumg & Hamon 2013) . In tandem, a study of the Madagascan material of Craterispermum was launched, the first results of which are reported here.
Craterispermum is easily recognized at genus level by the combination of the following characters: glabrous plants with raphides; leaves subcoriaceous or coriaceous and breaking easily when fresh, drying pale green or yellowish/golden, higher order venation often prominent; inflorescences axillary or supra-axillary and paired at the nodes, pedunculate, and often compact; flowers heterostylous; aestivation valvate; ovary 2-locular with a single pendulous ovule per locule; small, drupaceous, often somewhat assymmetrical fruits containing a single bowl-shaped seed (Robbrecht 1988; Igersheim 1992) .
Craterispermum has several interesting characters that set it apart from most other Rubiaceae. The placentas are inserted very high up in the ovary, making the latter ± semi-superior (Igersheim 1992) . Also, the exotesta is discontinuous, consisting of irregular, isolated cells with ring-like thickenings around the entire circumference of the cells (Igersheim 1992) . Furthermore, Craterispermum species are known as aluminium accumulators (Jansen et al. 2000) ; the pale or yellowish colour of the dried leaves is typical for aluminium accumulating plants. The genus was traditionally associated with the tribe Vanguerieae (Bentham 1849 , Robbrecht 1988 ) which belongs to subfamily Ixoroideae, but currently Craterispermum is placed in a tribe of its own, Craterispermeae, in the Psychotrieae alliance in subfamily Rubioideae (Robbrecht & Manen 2006; Razafimandimbison et al. 2008; Bremer & Eriksson 2009) .
In continental Africa, nineteen Craterispermum species are currently known (Taedoumg & Hamon 2013) . While new species are still being discovered in hotspot areas, the genus is generally well-collected and numerous herbarium specimens are available. For Madagascar, a survey of existing herbarium material resulted in less than 160 specimens, representing more than ten undescribed species. This low specimen number indicates that the genus is only present at low densities in Madagascar, a fact that was corroborated during our fieldwork. Low densities were also recorded for C. microdon Baker (1877: 145) , the only species known from the Seychelles (Ismail et al. 2011) . The low number of collected specimens can in part also be explained by the fact that Craterispermum species usually have a restricted distribution in Madagascar. Furthermore, most of them occur in lowland humid forest, a vegetation type strongly under human pressure and considerably reduced in area during the last fifty years (Du Puy & Moat 1996; World Wildlife Fund 2006) . Hitherto, specimens belonging to different Madagascan species have been labeled as Craterispermum laurinum (Poir.) Benth. in Hooker (1849: 411) as was also the case for many Central and East African specimens. However, Verdcourt (1973) already showed that C. laurinum, the type species of the genus, is restricted to tropical West Africa and has lax, relatively large inflorescences and leathery, golden leaves with prominent venation. Several Madagascan species do indeed have leaf characters reminiscent of C. laurinum, but the inflorescence characters are very different. Therefore, the name C. laurinum cannot be used for any Madagascan Craterispermum species.
Though Craterispermum in Madagascar is easily identified to genus level, a taxonomic treatment at species level is rendered difficult by the low numbers of herbarium specimens available. Furthermore, herbarium material is often very poor, since flowers are short-lived and, because of the often compact inflorescences, both flowers and fruits fall easily during collecting and drying, leaving only residual inflorescences/infructescences. Matters are further complicated by the fact that the flowers are heterostylous.
In this paper, three new Madagascan species of Craterispermum, C. motleyanum De Block & Randriamb., C. puffianum De Block & Randriamb. and C. cervicorne De Block & Randriamb., are described. A dichotomous key, detailed descriptions, distribution maps and IUCN status are given.
Material and methods
Herbarium material was studied from the BR, G, K, MO, P, TAN and TEF herbaria [institute abbreviations follow Holmgren et al. (1990) ]. Terminology generally follows Robbrecht (1988) ; leaf terminology is according to Anonymous (1962) . The methods used followed normal practice of herbarium taxonomy (De Vogel 1987) . Colors given are for dried material except for flower parts. Specimens are cited per province and alphabetically by collector. Coordinates of localities were determined using the online Gazetteer to Malagasy Botanical Collecting Localities (Schatz et al. 2003) in conjunction with 1:500.000 maps from the Malagasy Institut National de Géodésie et Cartographie. Distribution maps were drawn using Arcmap 9.2. The conservation status was assessed by applying the IUCN Red List Category criteria (IUCN 2001 ) using GeoCAT (Geospatial Conservation Assessment tool; Bachman et al. 2011) .
Taxonomic treatment
Key to the three new Craterispermum species 1a.
Leaf blades narrowly obovate, 3-7 x 0.8-2 cm, higher order venation obscure to invisible on both surfaces; peduncles 1-2 mm long; inflorescences usually 3-flowered . Resembling C. schweinfurthii Hiern in Oliver (1877: 161) from Continental Africa in inflorescence size and structure (compact cyme) but differing from it by the smaller, more coriaceous, obovate or broadly obovate leaves (1.8-12 x 1-5 cm vs. 5,5-22,3 x 2-7,7 cm) with more prominent higher order venation on both leaf surfaces, a shorter acumen (1-5 mm long vs. 5-12.5 mm long) and a yellowish or golden colour (vs. greenish in C. schweinfurthii). Tree, (3-)5-15 m tall, dbh up to 25(-50) cm, or rarely shrub, 2-4 m tall; vegetative and generative parts glabrous; branches dark brown or brown, somewhat corky; younger branches pale or greenish brown, often with weak decurrent ridge. Stipules 1.5-2.5(-4) mm long, keeled, persistent, awn 0.1-0.3(-0.5) mm long. Leaves petiolate; petioles 0.6-1.8 cm long, canaliculate; leaf blades obovate or broadly obovate, 1.8-12 x 1-5 cm, coriaceous, drying yellowish green or golden brown, often somewhat discolourous with lower surface paler; apex acuminate, acumen 1-5 mm long; base decurrent; margin revolute; midrib prominent on both leaf surfaces, raised below, impressed above; secondary nerves prominent on both surfaces, raised below and above, 6-9 on each side of the midrib; higher order venation prominent on both surfaces, raised below, raised or not raised above, usually paler than leaf blade below (when dry). Inflorescences supra-axillary, attached ca. 1-5 mm above node, or rarely axillary, (3-)4-9-flowered, pedunculate, compact cymes; peduncle stout, laterally compressed, widened distally, 2-14 mm long; inflorescence axes 0-1 mm long; bracts broadly triangular and vaulted, ca. 1.5 mm long, tip acuminate, margin sometimes sparsely beset with colleters. Flowers sessile or subsessile, 5-merous, flower bud rounded; bracteoles broadly ovate or broadly triangular, ca. 1-1.2 x 1.5 mm, tip obtuse to acute or acuminate, margin often sparsely beset with colleters; calyx tube 0.7-1 mm long, inner surface glabrous but groups of colleters present below the sinuses of the calyx lobes; calyx lobes broadly triangular, 0.2-0.8 mm long, inner surface glabrous, tip acute and tipped by colleter, margin often sparsely beset with colleters; corolla white; corolla tube narrowly cylindrical but widening somewhat at the throat, 4-6 mm long, inner surface densely pubescent in upper half and throat; corolla lobes 2.5-4 x 1.2-1.5 mm, inner surface pubescent with long erect hairs at the base, pubescence continuing sparsely along the midrib higher up, tip acute with short adaxial subapical spike-like protuberance, margin somewhat thickened; anthers 1.5-2 mm long; stigmatic lobes 1-1.5 mm long; ovary cup-shaped, 0.7-1 mm long, 2-locular, each locule containing a solitary pendulous ovule. Longistylous flowers: stamens only partly exserted, filaments 0.5-0.7 mm long; style and stigma 7.5-9 mm long, exserted for 2-3 mm from corolla tube. Brevistylous flowers: stamens exserted, filaments 1.5-2 mm long; style and stigma 4-5.5 mm long, included in corolla tube. Fruits sessile or subsessile, subglobose and somewhat asymmetrical, 5-6.5 x 5-6.5 mm, green turning white and then purplish black at maturity, one-seeded; calyx persistent; seed ca. 4-5 x 4 mm.
Etymology:-The species is named in memory of Timothy Motley, whose Pacific-based research led him to study diverse Rubiaceae groups such as Spermacoceae, Retiniphylleae, Guettardeae and Chiococceae.
Distribution:-Only known from the Alaotra-Mangoro and Atsinanana Regions in Eastern Madagascar, mostly near Moramanga. Fig. 4 .
Habitat:-Mid-altitudinal humid forest, sometimes on river banks or near marsh, on sandy soil. Elev.: 850-1050 m. Phenology:-Flowering: September-December (buds from May onwards); Fruiting: October-May. Vernacular names:-belavenona, hazomamy, hazomanga, hazombavy, hazondomohina. Uses: Wood is used for construction, for charcoal and as fire wood. IUCN status:-Endangered: EN B1ab(i); B2ab (ii,iii). The extend of occurrence (EOO) of C. motleyanum is 1384.38 km 2 , and its area of occupancy (AOO) is 52 km 2 using a cell width of 2 km. The species is distributed in five subpopulations, two of which are located in protected areas: Analamazaotra and Zahamena Ankeniheny. Habitat loss outside the protected areas is a serious threat for C. motleyanum. The mining in the Zahamena protected area may affect the subpopulation located in this site.
Additional specimens examined ( Differs from C. motleyanum by its narrowly obovate leaves (vs. obovate or broadly obovate) with mucronate apices (versus apex acuminate with acumen 1-5 mm long), obscure higher order venation on both leaf surfaces (vs. prominent on both surfaces) and shorter peduncles (1-2 mm long vs. 2-14 mm long).
Shrub, 1.5-3 m tall; vegetative and generative parts glabrous; internodes short; older branches brown, corky; younger branches brown or pale brown, often with weak decurrent ridge. Stipules 1.3-2.5 mm long, keeled, persistent, awn 0.1-0.2 mm long. Leaves petiolate; petioles 0.4-1 cm long, canaliculate; leaf blades narrowly obovate, 3-7 x 0.8-2 cm, coriaceous, drying golden, yellowish or yellowish brown; apex mucronate; base decurrent; margin revolute; midrib prominent on both leaf surfaces, raised below, impressed above; secondary nerves subprominent on both surfaces, somewhat raised below, impressed above, 4-7 on each side of the midrib; higher order venation obscure to invisible on both surfaces. Inflorescences axillary or somewhat supra-axillary (then inserted ca. 1 mm above node), usually 3-flowered (rarely 5-flowered), pedunculate, compact cyme; peduncle stout, laterally compressed, widened distally, 1-2 mm long; bracts broadly triangular and vaulted, ca. 1.5 mm long, tip acute to shortly acuminate, margin sometimes sparsely beset with colleters. Flowers sessile, 5-merous, flower bud rounded; bracteoles broadly ovate, ca. 1 x 1.5 mm, tip acute to acuminate, margin often sparsely beset with colleters; calyx tube 0.5-1 mm long, inner surface glabrous but groups of colleters present below the sinuses of the calyx lobes; calyx lobes triangular, 0.5-0.8 mm long, inner surface glabrous, tip acute and tipped by colleter, margin often sparsely beset with colleters; corolla white; corolla tube narrowly cylindrical but widening somewhat at the throat, 6.5-8 mm long, inner surface densely pubescent in upper half and throat; corolla lobes 3-3.5 x 1.5-2 mm, pubescent with long erect hairs, tip acute with short adaxial subapical spike-like protuberance, margin somewhat thickened; anthers ca. 2 mm long; stigmatic lobes 1-1.5 mm long; ovary cup-shaped, 2-locular, each locule containing a solitary pendulous ovule. Longistylous flowers: inner surface of corolla lobes densely pubescent all over; stamens completely included in corolla tube, filaments < 0.5 mm long; style and stigma 10-11 mm long, exserted for 2-3 mm from corolla tube; ovary ca. 1 mm long. Brevistylous flowers: inner surface of corolla lobes densely pubescent in lower half, sparsely pubescent in upper half; stamens exserted, filaments ca. 1.5 mm long; style and stigma 5-6 mm long, included in corolla tube; ovary ca. 0.5 mm long. Fruits subsessile, subglobose and somewhat asymmetrical, ca. 5 x 4 mm, green turning violet at maturity, one-seeded; calyx persistent; seed ca. 4 x 3.5 mm. Etymology:-The species is named in memory of Christian Puff, a great Rubiaceae researcher, who worked both in Africa and Asia, and who revised several genera of Madagascan Rubiaceae, such as Alberta Meyer (1838: 258) , Anthospermum Linnaeus. (1753 : 1058 , Paederia Linnaeus (1767: 52).
Distribution:-Only known from the Alaotra-Mangoro Region in Eastern Madagascar, notably from Zahamena National Park and its close surroundings. Fig. 4 .
Habitat:-Forest, often on river banks, on alluvial soil. Elev.: 400-1200 m. Phenology:-Flowering: October; Fruiting: January. Vernacular names:-masindranonandroana (Betsimisaraka). Uses:-Wood is used as fire wood. IUCN status:-Endangered: EN B1ab(i); B2ab(ii,iii,iv). The extend of occurrence (EOO) of C. puffianum is 856.60 km 2 and its area of occupancy (AOO) is 20 km 2 using a cell width of 2 km. The species is distributed in five subpopulations, three of which are conserved by a single protected area, Zahamena Ankeniheny. The major threat for this species is habitat loss, not only outside Zahamena but also inside this park, which is subject to traditional mining. In addition, this humid forest species has a low density: only seven herbarium collections were collected over a period of 68 years. Only one specimen dates from after 1990.
Additional specimens examined ( Differs from all other Madagascan Craterispermum species by the large, lax, antler-shaped inflorescences, the lateral inflorescence axes of which are 1-5 cm long, with the central inflorescence axis usually ca. 0.5 cm long or rarely up to 5 cm long Tree, 3-15 m tall, dbh 6-30 cm, more rarely shrub, 4-6 m tall; vegetative and generative parts glabrous; older branches greyish brown, somewhat corky; younger branches greenish or greenish brown, smooth. Stipules ca. 3 mm long, keeled, not persistent on older branches, awn ca. 0.5 mm long. Leaves petiolate; petioles 0.5-2.5 cm long, canaliculate; leaf blades elliptic or obovate, rarely broadly elliptic, 5-14 x 2.7-5.5 cm, coriaceous, drying golden, yellowish or greenish brown, often somewhat discolourous with lower surface paler; apex acuminate, acumen 2-8 mm long; base decurrent; margin revolute; midrib prominent on both leaf surfaces, raised below, impressed above; secondary nerves prominent on both surfaces, raised below, impressed above, 7-12 on each side of the midrib; higher order venation prominent on both surfaces, raised or not raised below, impressed above, usually paler than blade below (when dry). Inflorescences supra-axillary, attached 3-5 mm above node, many-flowered, pedunculate, lax double scorpioid cyme; peduncle laterally compressed, widened distally, 1-3 cm long; lateral inflorescence axes 1-5 cm long, usually monochasial (2 flowers and 1 axis per node) or rarely dichasial; central inflorescence axis usually reduced (ca. 0.5 cm long), more rarely as long as the lateral axes (e.g. in 13585-SF); bracts broadly triangular and vaulted, 1-2 mm long, tip acute to shortly acuminate, margin sometimes sparsely beset with colleters. Flowers sessile to shortly pedicellate with pedicels 0-5 mm long, 5-merous, flower bud rounded; bracteoles broadly triangular or broadly ovate, ca. 1 x 1.5 mm, tip acute or rounded, margin often sparsely beset with colleters; calyx tube 1-1.5 mm long, inner surface glabrous but sometimes with small groups of colleters below the sinuses of the calyx lobes; calyx lobes triangular, 0.5-0.8 mm long, inner surface glabrous, tip acute and tipped by colleter; corolla white; corolla tube narrowly cylindrical but widening somewhat at the throat, 4-7 mm long, inner surface densely pubescent in upper half and throat; corolla lobes 2.5-4 x 1.5-2 mm, inner surface pubescent with long erect hairs at the base, pubescence continuing sparsely along the midrib higher up, tip acute with short adaxial subapical spike-like protuberance, margin somewhat thickened; anthers 1.5-2 mm long; stigmatic lobes 0.5-1.5 mm long; ovary cup-shaped, 0.7-1 mm long, 2-locular, each locule containing a solitary pendulous ovule. Longistylous flowers: stamens only partly exserted, sessile; style and stigma 5.5-10 mm long, exserted for 1.5-5 mm from corolla tube. Brevistylous flowers: stamens exserted, filaments 1.5-2 mm long; style and stigma 4.5-7 mm long, included in corolla tube. Mature fruits unknown. Etymology:-The species is named for the large inflorescences that resemble the antlers of a stag. Distribution:-Only known from the Vatovavy-Fitovinany, Atsimo-Atsinanana and Haute Matsiatra Regions in southeastern Madagascar. Fig. 4 , and its area of occupancy (AOO) is 839,00 km 2 using a cell width of 7 km. The species occupies 10 cells and AOO indicates that it is distributed in nine subpopulations. It occurs in two protected areas, Manombo and Ivohibe, and one protected forest located in Manakara. The subpopulations outside the protected areas occur in remnant forests, which are severely threatened by destruction. In addition, the species has a low density: over a period of one hundred years only thirteen specimens were collected: ten specimens were collected before 1960, only three after 1990.
Additional specimens examined (paratypes):-MADAGASCAR. 
